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MulU-metal oxide materials 

present invention relates to multimetal oxide materials of 
5 the formula I 

lA] p [B] q [C] r t 1 )' 

10 where 

A is Mo 12 V a Xl b X2 c X3 d X4 e X 5 fX 6 gOx, 
B is X 7 iCu h HiO y , 

1. Xl 'Is w eiS »b, H t: cr and/or Ce, preferably «, Nb and/or Cr 

* is CU Hi, CO, Fe, Hn and/or z„, preferably Co, «x. Co and/or 
Fe, 

X 3 is Sb and/or Bi, preferably Sb, 

X* is Li, Ha, K, Rb, Cs and/or H, preferably Na and/or K, 
20 X5 Is Mg Ca, Sr and/or Ba, preferably Ca, Sr and/or Ba, 
X is si Al Ti and/or Zr, preferably Si, Al and/or Ti, 
X 7 is Mo W, V, Nb and/or Ta, preferably Mo and or J 

« ^ *H 7n Co Fe, Cd, Mn, Mg, Ca, Sr and/or Ba, 

X8 13 ^eferably'cu and/or Zn, particularly preferably Cu, 
25 a is from 1 to 8, preferably 2 to 6 

b is from 0.2 to 5, preferably from 0.5 to 2.5, 
c is from 0 to 23, preferably from 0 to 4, 
d is from 0 to 50, preferably from 0 to 3, 
e is from 0 to 2 , preferably from 0 to 0.3, 
30 f is from 0 to 5, preferably from 0 to 2 

a is from 0 to 50, preferably from 0 to 20, _ 
' is from 0.3 to 2.5, preferably from 0.5 to 2, partxcularly 
preferably from 0.75 to 1.5, 

preferably from 0.2 to 5, 
k is from 0 to 50, preferably from 0 to 20, particularly 
preferably from 0 to 12, 

45 to 1:14, particularly preferably from 2:1 to 1.8, and 
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ratio q/r is from 20=1 to 1=20, preferably from 2=1 to 
1:2, particularly preferably 1:1, 

• „ , tl -in the form of three-dimensional re- 
which contain the moiety [ A] p in the torm 
5 gions A having the chemical composition 

A Mo 12 V a Xl b X2 c X3 d X4 e X5 fX 6 g O x , 

10 the moiety [B]q in the form of three-dimensional regions B having 
the chemical composition 

B X 7 iCu h HiO y and 

1= the moiety t C, r in the for™ of three-dimensional re.ions C havin, 
the chemical composition 

c X 8 iSbjH k O z 
20 a b and C being distributed relative to one another 

nely divided B and finely divided C. 

25 T he present ^^^ZZ^Z^ 

tal oxide materials (I) for cata * yt ^ ^ r £ icular of acrolein to 

oxide materials (I). 

30jW^ DE-A 19 528 646 and DE-A 19 740 

DE-A 44 05 514, DE-A 44 «u ' ± n have a two-compo- 

493 r elate to ^^l™^^;?!^! compositions of 
nent structure [A ]p> [B l q < , ™ f g *° corresponding to the 

component A' and of component B there each corr p b Qf 

35 gross elemental repositions of component * anc of 
the multimetal oxide materials (I) of the pr 

.»...,. ... «..«..«... «- h --— •ri'.'ir.Sw".'" 

acid, the selectivity of the acrylic 
conversion is not completely satisfactory. 

45 „o ,.,„«7 Elates to -^J^^^SS^^ 
^"SSJ^'^T- - Tine of strong intensity >t 
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a ,o wn 96/27437 recommends these multimetal 
a 26-value of 22.2 ± 0 ;"^ ts for the gas-phase catalytic 
oxide materials as suita b ^ Further more, WO 96/27437 

oxidation of ^ m0 ny source for the prepara- 

recommends employing Sb 2 0 3 as an i an« . y prepa ration of 

, tion of these multimetal ox.de ~*«rxal^A p 
an Sb-containing component is not describe 

EP . B 235 760 relates to a.roces ^^^^ are 
Mo-, V- and/or Nb-containing ^^al °£ oxida tion of 

suitable as catalysts for ^ ^^^^ « ^ 

acrolein to acrylic acid. EP B « fQr the prepara - 

monate prepared beforehand as a?antx»ony prepara tion 

r. ^s^^^^- L ef - b 235 760 - 

and of EP-B 235 760 « that when «ey ^ 

20 are likewise not completely satisfactory. 
<Jfa> ^ . , (tta Dre3 ent invention to provide novel multi- 

; ^ -ir^irwSi ^ -.srsr £ sr 

most to a smaller extent. 
« We have found that this object is achieved by the «ulti»etal 

30 I'ide materials ,1, defined at the outset. 

fvjL/o^^X i / t \ are those whose regions 

Preferred .ulti-tal oxi " -^^^ IX 
A have a composition of the following 

35 M0 12 Va"Xl b .X2c<X 5 f'XV 0 *' ^ ' 



40 



45 



where 






X 1 


is 


w and/ or Nb, 


X2 


is 


Cu and/or 


Ni, 


X5 


is 


Ca and/ or 


Sr, 


X 6 


is 


Si and/or 


Al, 


a' 


is 


from 2 to 


6, 


i b' 


is 


from 1 to 


2, 


c ' 


is 


from 1 to 


3, 


f ' 


is 


from 0 to 


0.75 
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r. fs TZleTZ^s determined by the valency and .regency 
of the elements other than oxygen m II. 

= « is also ^ T= « ^ ir^'Th Ih^^-e 
multimetal oxide materials (I) a e chemical composition B, 
f orm of three-dimensiona ^rons o ttach- ^ _ 
C, whose maximum diameters a (long req ion and 

points present on the surface «»«« f «~>^ £V£ are from > 0 

10 passing through the center of gravi of^ ^ 

o^can ^L^-^^ "ron " 3 
1= mi"ostructure analysis by means of a scanning electron 

microscope ( SEM) ) . 

The moiety IA, P may be present in the novel multimetal oxide mate- 
rials (I) in amorphous and/or crystalline form. 

20 

in principle, the moieties B and £££^J*J£«- 
novel multimetal oxide materials amorpno 



line form. 

25 



.cording to the J^^TES^ "tains 
ST^SS. B which have the X ra, ; diffraction 

pattern and hence the crystal =«ucture type of at 1. 
30 the following copper - ^"^^^ion fingerprint, or if 
the source of the a "~ ia ^ *-"*„£ aime8 of these copper 

^ren^^^ 

3S Cu 4 Mo 6 O 20 [A. Moini et al.. Inorg. Chem. 2i ,21, ,»8«> 

3782-3785] , 

Cu 4 Mo 5 0 17 , index card 39-1,1 of the JCPD.-ICDD index ,1.91,1. 

40 a -CuHo0 4 [index card 22-242 of the JCPDS-ICDD index ,1991,,. 

Cu 6 «o 5 O ia .index card 40-S65 of the JCPDS-ICDD index ,1991,1. 

« ^ -re x is from 0 to 0 23 .index card 24-56 and 

26-547 of the JCPDS-ICDD index (1991)], 
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Cu 6 Mo 4 0 15 (index card 3S-17 of the OCPDB-ICDD index (1 .91„. 
CU3 ( MOO ))2 ,OH )2 Cindex card 3S-405 of the ,CP0S- ICDD index 
(1991)1, 

a 94 55 and 34-637 of the JCPDS-ICDD index 
Cu 3 Mo 2 0 9 [index card 24-55 and 

(1991)], 

CU 2 M00 5 [index card 22-607 of the JCPDS-ICDD index (1991)]. 

tn the invention are moieties B which 
Advantageous accordxng to the inv ^ x _ r&y 

contain or consist of "^^^^ struct ure type of the 
diffraction pattern and hence the «yst q£ ^ 

15 following copper molybdate or whxch contain 
copper molybdate itself: 

CuM o0 4 -XXX having the wolframite ^ 
sian Journal of Inorganic Chemistry 36 (7) (IS* 
20 Table 1. 

^ong these, those having the following stoichiometry XXX 
CuMo A W B V c Nb D Ta E O y • (H 2 0)f < ii:e >' 

25 

where 

• o 7 to 1.3, preferably from 0.85 to 1-15, 

30 +E > - -° c :; a ;i;° prefe ; a p bl y ^ o,s *> i.os, v ery 

particularly preferably 1, 
F is from 0 to 1 , 

35 B-C + D + E i* "on, 0 « 1. preferably fro, 0 to 0.7, and 

is a number which is determined by the valency and 
frequency of the elements other than oxygen, 

40 

are preferred. 

Particularly preferred among these are those having the stoichio- 

AC metries IV, V or VI: 
45 
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CuMo A W B V c O y (IV), 



where 



5 • , rnm o 7 to 1.3, preferably from 0.85 to 1.15, 

1/(R+B+ C, ZJSZX^^ from 0.95 to 1.05, very 

particularly preferably 1, 

is from 0 to 1, preferably from 0 to 0.7, and 

is a number which is determined by the valency and 
frequency of the elements other than oxygen, 



10 B 

Y 



15 CuMO A W B 0 y (V), 

where 

n -7 4-^ i 1 nreferably from 0.85 to 1.15, 
20 particularly preferably 1, 

A and B are each from 0 to 1 and 

i. a number which is determined by the valency and 
frequency of the elements other than oxygen; 



25 



30 

where 



CuMo A V c O y (VI)/ 



n n i i nreferably from 0.85 to 1.15, 
3S particularly preferably 1, 

R and c are each from 0 to 1 and 

i. a number which is determined by the valency and 
40 frequency of the elements other than oxyoen. 

Th e preparation of such oxometallates B is disclosed, for exam- 
pie, in EP-A 668 104. 



45 
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7 lso those which contain or con- 

VII 



CuMo A W B VcNb D Ta E O y ( VII ) » 



where 

1/(A+B+C+D+E) 



10 



(B+C+D+E)/A 



15 



• ffflB o 7 to 1-3, preferably from 0.85 to 1.15, 
^S^ly^-Sly fro, 0.35 to 1.05, very 
particularly preferably 1, 

• 0 01 to 1, preferably from 0.05 to 0.3, 
is from o.oi to x, f 0.15, very 
particularly preferably from 0.075 to 
particularly preferably 0.11, and 

is a number which is determined by the valency and 
frequency of the elements other than oxygen, 

d to as the HT copper molyb- 
1 of a structure type which was "ferre di££r action pat- 

d ate structure ana is defied below by ^ S X ch / racteristic and 
tern (fingerprint,, of interpianar s P a- 

B xxxzzz?^ — h o£ the x - rays used! 

6.79 ± 0.3 
3.56 ± 0.3 
3.54 ± 0.3 
3.40 + 0.3 

10 3.04 + 0.3 

2.96 ± 0.3 
2.67 + 0.2 
2.66 ± 0.2 
2.56 + 0.2 

35 2.36 + 0.2 

2.35 ± 0.2 
2.27 + 0.2 
2.00 + 0.2 
1.87 + 0.2 

40 1.70 ± 0.2 

1.64 ± 0.2 
1.59 ± 0.2 
1.57 ± 0.2 
1.55 ± 0.2 

45 



0050/48931 



8 

1.51 + 0.2 
1.44 ± 0.2. 



Mh ere the promoter phase B contains or /= ^ ™ f he 
weight ratio of crystallites having ^ "^T^^J^. may be 



10 2 . 



The preparation of oxometallates VII or materi als containing them 
is disclosed, for example, in DE-A 19 528 646. 

15 Those novel multimetal oxide materials whose region. , C 

essential!, comprise ^^^Z^^ ^ 
structure type of a- and/or p c w ^ tetragonal 
particularly preferred. a-CuSb 2 0 6 state chem . m 

20 trirutUe 'VcusCs h** * distorted monoclinic 

(19 97, 263-274), while solid state chem. 21 

trirutile structure (A HaKua et £~ index card 

,199!), 105-112, or reference diffraction P ^ ^ 

U-284 in the JCPDS-ICDD index 1989), Region 

25 pyrochlore structure ^^^^i^iti^^O. 
antimony oxide hydroxide with the . ^ ^ ^ 

OH, H 2 0) 6 -7 (y < 2 '" S | 1 100 . 112 , or reference pattern in 

al.. Mineral. Mag. 2D. (1953), 100 11^. 

index card 7-303 of the JCPDS-ICDD index 1996). 

30 F urthermore. the regions C may -j^^m^^- 
the structure of copper ant™ Cu^ ^-^^ 

% ! ; or reference pattern in index card 45-54 
Acta ill (1988), 7J h structure of Cu 4 Sb0 4 . 5 (S. 

35 of the JCPDS-ICDD index, and/or the struc 

Shimada et al., Therm och »• *~ » ( «J » J pattern 

et al., Thermochim. Acta lil (1988), /J 

in index card 36-1106 of the JCPDS-ICDD index,. 

of course also consist of crystallites which 



Ire aTx n ture ofVhe Ibovementioned structures. 

The novel multimetal oxide materials <*> ^^^I^T 
. pie manner, for example by preforming, in finely 
' multimetal oxide material 
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X^CUhHiOy (B) 
material I and a multimetal oxide material 



as starting 

X^SbjHkOz (C) 



\ -.12 either separately from one another or in 

Mo 12 V,Xl b X^X3 d X4 e X5 f X' g O, (A) 

IS in the desired ratio an, c^in^^^-'S.^^tion 
£ rom 2S0 to S00OC. it ^ P££ ^ ^ ^ gas and oxygen .e.g. 
under inert ,» (..»■ ^/^^carbons methane,, aide- 

air, , reducing gases, such as hy ^ q£ ^ an(J re _ 

hydes ,e.g. aero lein, «^^»^. U ntioMd) , as described, for 

20 ducing gases (e g. all * *^ * calci „ation under reducing 
^hi^rsho^^—d that the metallic constituents 
are not reduced to the element. 

• a rule from a few minutes to a 

25 The duration of calcination „ as a ca lcination 

few hours and usually decreases with rncre * regarding 
temperature. As is generally Known multime tal oxide 

the sources of the ^--"^^^ready an oxide or a compound 
serial A is that they are either le „ t in the 

35 He nf Mo V, W and Nb are also their oxo 
40 date, ammonium tungstate) . 

«->,«. finelv divided starting materials 

According to the invention, the fine y ^ diameter d 

!, 2 advantageously consist of P^le ™ t on tne 

longest -ectin, Une^n.o^s ^ ^ 

45 surface of the particle and passing from 0 .01 to 

^^^^ ^ - 20 - HOWeVSr ' ^ 
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particle diameters d can of cou.se ^ - «- °- *° -0 or 

from 75 to 125 pm. 

It is possible that the starting mater ials . ~ 

a rule, the SSA is > 0.1 mVg. 
10 wording to the invention, t h e starting materials X. 2 used may 
be in amorphous and/or crystalline form. 

above. As mentioned above, such ««t.ll«.. B 
for example, by the procedures of EP-A 668 104 or 
,„ 646. However, the preparation processes of DE A 
DE— A 44 40 891 may also be used. 

In principle, multimetal prepared 
oxometallates B or consisting of ^'"^ pre£era bly 
25 in a simple manner by producing a ve^» Responding to 
finely divided, dry blend ^^^^ f^aterials from 
the stoichiometry of said multiset £ °« an<J calcinin g said 

30 Z^T-sTc for several -rs under an ^ q£ 
preferably in the air, it baing ^*""V few hours . The 
calcination to be from a few minutes to a few ^ou Suitable 
calcination atmosphere may additionally contain steam 
sources of the elemental ^^rl^Zes and/or 

35 material B are compounds which are « heating, at least 

compounds which can be ~»»^"" ^^L±*. , 
in the presence of oxygen. In ^"^^his type are 
particularly suitable starting compounds of thi ™ 

Llides, nitrates. ^^^^TZ's and/or 
40 carbonates, ammine complex salts, amm HH4CHO2 , 

hydroxides (compounds such as ^J jbich decompose and/or can 
CH3COOH, - a CH C0 2 or = um ^o a late, ^ 

^4"^. ^ — £orm - may additionally 

45 incorporated) . 
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f , hp st arting compounds for the preparation 
The intimate mixing of the startxng P ^ ^ ^ Qr 

of multimetal oxide materials B can be carr 

in wet form. If it is effected in f inely divide d 

compounds are ^^^i^^ft-r the mixing and 
5 powder and are subjected to the caJ - cl Dre ferably effected 

Ly compaction -^^f ™^ g -^L^'L-S one 

Is then dried, the drying P™£^£^££ Mperatures of 
spray-drying of the "f^n calcined as described 

from 100 to 150°C. The dry material is tne 



15 from 100 to 
above 



=H radin/an/e^sion as „ell 

25 as drying. 

In another method of preparation of th e ~£ starting 

materials B. the thermal treatment of the ^ ^ 

compounds used is carried out in a £rom , 100 to 

30 presence of steam at -e"^"^™ to 500, preferably 

:r=" ::n" ^ tu -~ =-<•« 

35 under the resulting pressures. 

T he multimetal oxide trials B^btainable as described ^ove. ^ 

sh ich ^/-'^^r^rdifferent structure types, or con- 
40 mixture of oxometallates B « single structure type or 

sist exclusively of OMmeta ""f £ ^ r ^ t a s « U oture types, can be 
a mixture of collates of di ™^ ing „ the inventio n, 
TJ^^^^' classification to the desired 



45 sizes. 
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T he multimetal oxide materials'c can £ £^ of 

the same way a, the £ ^tLn of the innate 

the multimetal oxide material C, tn i 2 00°C, 

10 temperature. 

i. r m-eferablv used according to the 
Multimetal oxide materials C P*^«»£ preparing a dry blend 
invention are those which are ? mult imetal 

from sources of the elemental c °" st ^ S f rt , prefer ably the 
15 oxide material C which contain at j--* * ^ ^ P +5 an<J calcinln g 
total amount, of the antimony in ^ £rom 200 to 

said dry blend at from 200 to 1200«C. P^ er * * nultime tal 
85 „o C , particularly -"J^^ . by the preparation 

oxide materials C are obtainable, tor f re£erre d 
20 meth ods described in detail in DE-A 2^07 677 ^ 
procedure among these is the one f hydrog en 

suspensions of suitable start * P ial c are added before 

outlet temperature: from 80 to uo ^ 
is then calcined as described. 

xn the process ,«.* described, for example a~ ™t ght 
3= peroxide solutions ^"l^Ts^L ^tin, compounds 
may be used, subsequent addition of s tallate c is 

of the other elemental c*9*» o£ catalytically 

advisable in particular when they ^ woul(J o£ course 

4o -^^^^^H^^Y °* 'V, oxide hydroxide 
also be possible to isoiduc ^Hmatelv, for example, 

StSTSLS^ of the oxometaUate C a d if required, 
further antimony starting compounds and then to 
45 intiJnate mixture as described. 
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5 compounds are therefore ^ . ni-t es ; ^^«^ f 

subsequent calcination to give compounds escaping i» gaseous 
10 form, may additionally be incorporated) . 

F or the preparation of oxometallates C, it is in 
possible to carry out ^^"^^^fL.. t h e 
» SS^cS^rr^^^ used in the for. of finely 
aivided^rs. 

fusion. A fter completion of th< fixing Z"Z 
20 ria i is dried and is calcined after the dryi g calcination 
drying is preferably effected by (£or „. 

is complete the oxometallates C can ^ 
^ple by wet or dry mill ng ^^m^um particle diameter 
ling) and the particle class h" in 9 mu l t imetal 
25 i„ the maximum diameter '^"^J™^ obtainable thereby 
oxide ,1) can be separated off from the P°« der partic les, by 

•• as,srr. r^r^r =^ «- - - 

associated with one another. 1 Y'TofTrvUalUtes of the oxo- 

riiire/c rob^rrch^e r?- — - 

45 starting material 1+2. 
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too high. If the bringo. g material is usually earned out 

wet form, drying to give a dry mat "^ * d material is 

10 subseguently (P^^^^^^^nL of the 
automatically °™ d ^n f also be brought into inti- 

starting materials 1, 2 can of c al oxide material A 

mate contact with the . first the oxometal- 

( starting material 3) by a P* oc *™ re are brou ght 

„ lates B - «^rr^S^l oxiTmaterials B and c can 

premixed starting material 1 + 2 with the co p 
ting material 3. 

20 

Examples of suitable methods of mixing are: 

the desired ratio in a mixer, kneader or mill, 

* ■«„ » finely divided multimetal oxide A by intimate 

stituents <dry or r » and ^l^lll ll P"'*— 
irJS^^ ^ ana mixing i t 
with the finely divided "-^^"^xing', the final cal- 
red ratio as in a); in this method of mixing, t 
35 "nation of the resulting mixture is not essential, 

- r?s - 5sr .= »f HSlSC 

the starting compounds of the eleme ^ possible to 

d esired multimetal oxide A it , is of ^^^^ 
use a multimetal oxide A itself th at is P materials lf 

to b). Furthermore, in addition to tn ^ * L NH.OH 
' • i compounds such as NH4OH, 



b) 

30 



40 
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mixture . 



srJS/- , =isri^2^: ^ = rr , . u^ r 
Err rr=;: =^rr jr-is'ssj ~ 

21 addition to at least one of the two abovementxoned ele- 



tion in 
mental sources. 



« has now been found, .^■^^'•^r^^'ly 

pared at elevated temperatures as start xng m " e ^ disS olu- 
stable during and after the subsequent cool.n, below t ^ ^ 

tion temperature, even in the case of contents of 
, 10% by weight, based on the aqueous ..J no 

peratures down to. 2 0°C or below £^ % the aqueous 

solid is precipitated during or aft « ^e coo li g ^ 



tion. 



^ v, -f a ^+ that the residue obtainable from sucn an 

40 ported by the fact that tne i« , has a CO rres- 

temperatures ) . 

4= A dvantageously, the following * ^^^U" 
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UP to S50C. or « up to 

solid starting materials 1, 2 are then inco p 

i .. ^r, a ffpr coolinq to a temperature j.e ^ a l- 
aqueous solution, after co ^^ sU ghtly lower dissolution 

quently, T L > 70°C and T E * 70°C. If -lx* Y ^ ^ 

5 rates and lower solids, contents are accepte 
is also possible. 

2 into the aqueous startrn, > "™ ^to the ^ ueous starting 
10 addition of the f art ^ c ^^\ nd sub se q uent mechanical 
material 3 cooled as described above » dispersants, 
mixing, for example with the use of "irring £ a 

OV er a period of from a few minutes o r ho rs toj-^ ^ it 
preferably over a perrod of S ^"^° U invention that the 

corporation is a 0°C. 

20 

It is furthermore advantageous if th< . solid starting ^er.als^. 
2 are incorporated into an = s ^ ^ _ 

at 25°C is from 4 to 7 , V re * era ° Ly more H buffe r systems 

be achieved, for example, by adding one or more p 

« to the aqueous starting "^^'J^f ^ and/or formic acid 
arcple, the addition of ^ on ^ ^ e ™ r formate. Re- 
or the addition of ammonium acetate and/or 
garding the abovementioned intended use, it is ot 
possible to use ammonium carbonate. 

30 * 

,« .«.., ~«.« - 

„ to 150°C are set. Spray-drying can be carried 
cocurrent or the countercurrent methods. 

„ „ „, „„_ .... ^...»>- : ~" 

catalyst geometry, or vice versa. In ' blend 

45 our own investigations have shown that on "-^^ d " 

'7 
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«-■«„ materials 1, 2 is essentially retained or at most is 

5 material 3 essentially does not take place. 

R s indicated above, this opens up the P^^.^* 1 ^ 

preferably from 0.05 to 20 um b classification 

desired for the multrmetal I _ known per 

1= the preparation of the desired multimetal oxrde material. 

such as porous or nonporous alumrnas, srlrca t 
zirconium dioxide, silicon carbide or silicates, 

» ma g nesium « "^f^ regularly shaped 

supports may have a regular or irrey le 

Sports ha„in 9 a pronounced "in 

spheres or hollow cylinders, being preterrea * 

example by means of hot air. 
45 calcined before coating of the carriers. 
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of t he total PO- » -^--^V. « is also 

being preferred in EP-A 293 859. 

' Th e novel multimetal oxide materials ( X ) ^^^^^ 
operated as unsupported catalysts. In thxa conte *^ 

hollow cylinder having an external diameter an 9 i ^ 

2 to 10 mm or from 3 to 8 mm and a wall thickness 



3 mm. 



Th e novel multimetal oxide materials (!) are P rt^ula 

ble as catalyse having lL lyt ic oxidation If acrolein 

ven --rsion, for th [ ^Telu T^ was produce, by the ca- 

30 ::,rr ras^er^on f ^ *. »- - - 

D er se. Suitable diluent gases are, for example, N 2 , C0 2 , 
carbon, recycled reaction exit gases »^ £ 

acrolein.oxygen^teaauinert gas volume ratro of 1.1 > 
40 20)1( 3 to 30), preferably of l?" 1 " "^•^^ "Assure is 
established in the acrolein ^^tTsZTZJ^Y is prefe- 
i, general * " 3 ~ Tp P e 1 per h./l/h. ***** 

rably from 1,000 to 3,500 1 (S.T.P.) P v exMiple , in DE-A 

rature is usually chosen so that the acrolein converse xn a 

h 
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sin 9 le pass is above 90%, preferably above 98% usually reaction 
temperatures are from 230 to 330°C are required for this. 

aldehydes and/or carboxylic acids, an fc ^ a ^ d of iso _ 

dehydrogenation of olefinic compounds. 

Unless stated otherwise, the --- si ° n ' ^aff ollows : 
residence time in this publication are defined as 

20 

• v. *a on number of moles of acrolein 

Conversion based on conver ted 

acrolein (%) = number of mole s of acrolein used 



u 



"T 0*j$O number of moles of 

' ~Z\ acrolein converted into 

, acry lic acid . x 10O; 

Selectivity S of = tot al number of moles of 

the acrylic acid ac ^ e L converted 

formation (%) 

30 

empty reactor volume fillea 

with catalyst (1) x 3,600. 

Residence time synthe sis gas through- 

( sec > " put (l(S.T.P.)/h) 



Examples 



Preparation of novel multimetal oxide mate ri 
metal oxide materials MV for *°^ S °" 
prepared from these multimetal oxide materials 



45 

2^0 
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Example 1 

Preparation of the starting material 1: 

5 219 . 9 g of ammonium heptamolybdate tetrahydrat • -^ 0% 
^ <; rt of ammonium paratungstate heptahydrate (b^.u 
of MO03, and 325 6 g of - succession in 5 , 000 g of water 

by weight of W0 3 were a uei ht aqU eous ammonia 

(solution a). 445 0 o 5% strengt y ^ ^ ^ g 

solution were added at 25 C to 3, 9 ^ dissolved 

10 of copper acetate hydrate (40.0% by weigh solution 
therein, a deep blue solution being <^ <£°£^ tIir . of the 
b was then stirred a at agueous 3US . 

total mixture not falling ^ * and tnen spray . 

pension c was stirred for a ^""^ temperature: 110°C>. The 
15 dried (inlet temperature: 330 C. _ outle P 

resulting light green -P»Y;<«"»* Tpfleiderer. Stuttgart. (200 g 

T „„ ^ c wnaader from Werner & ptieiaeiej., -a 
in an LUK 2.5 knead er tr Qn an extruder 

of water per leg of spray-dried powa j fc 
£ rom Werner . «^"««'»" t ^'^^ were dried for !6 
20 r^r'lli^ ir%he n9 -ru^; were then calcined under 
^"ror this purpose, the material to be calcined 
Voiced into a muffle ™ ^ 2 washed 

25 r^rrrrsrof a --~srr 

30 minutes, heated to 750°C in the course o : 2 ho 

this temperature for 1 hour. The ^^Tlm from 

brown colour and. after mil, , ng in a entrif ugal mi^^ ^ ^ 

use of Cu-kc radiation (Siemens d «™^ a an " p e itier 

CuMo 0 . 5 Wo. 5 O y <y < 4) exhibited an X £ing erprint and of 

35 pattern with superposition of th » 0l f ^ ^ * wo _ pna se 

40 

Preparation of the starting material 2: 

946 .0 g of Sb 2 0 3 having an Sb content of «. 0^ h, we ig^were^ 
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«« , ^s. : ------ 

hydrate (32.0% by weioh , » » ^ ^ ^ ^ 

5 Fi- 

350OC, outlet temperature: 110 C). In Y ^ & ^ 

„ ternal volume, with a ^ ^ S g * J s heated stepwise 

of the resulting ^^J^^'Joo*: in the course of 4 
to 150°C in the course of 1 hour, tnen ^ 
hours and then to 300°C in the »r S e^2 hour and * 
the last-mentioned temperature for 1 hour J h ««* ' ^ tem . 

» « r^v^r =n? P iJru a specific r 

fu-lrafea of 0 6 -^^^^ 
0.6375). The powder X-ray pattern of ^ 0 

edited —^^.r^ 1 ^-^ i-~>- 

20 (reference spectrum ll-ozvi or 

Preparation of the starting material 3: 

70 3.S g of ionium J';^ w^i^f 

of M0O3), 135.72 g of ammonium he ptahydrate (89.0 % 

V 2 0 5 ) and 120.3 g of ammonium paratungstate hp y r 
by weight of W0 3 ) were dissolved m s™^^ ^ \ huS ba sed 
J t 95oc. The aqueous solution (starting material 3) « 
on the following elemental stoichiometry : 

MO4Vi.X5W0.46 = (M0 12 V 3 . 46*1.38)0, 33. 

Preparation of the multimetal oxide material HI and of the coated 
35 catalyst SMl: 

Th e clear. ^^^^TT^^ 
rial 3) was cooled to 25 c , af stre ngth by weight 

starting material 1 were stirr the molar ra- 

te 25oc and containing 8t ^ in \ M ^"^ 3 u ' nits was 0.31 (starting 
tic of the abovementioned ^<*«T^ units w 



25 
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0 33 (starting material 3). The resulting aqueous suspension was 
s^irrld for a further hour at 2 5 o C and the aqueous mixtur e was 

th e course of 30 ^ ^™ ^ 

tained for 3 hours. The resuming catalytically actrve multrmetal 
"iae material Ml had the following gross stoxduometry: 

" „o 4 l ,V 1 . lS »..„Cu... l Sb.. M ». » lHo 12 V3. 46 « 1 3B 0« 1 „.33[MO„.sWo. 5 Cu 1 O yl o. 3l 

[CuSb 2 .15Ozl0.3. 

The X-ray diffraction pattern of the multimetal oxi* . material Ml 
oTtained'contained the superposition ^/J^^^tructure 

^rotating drum £T ZZ« 

sTj'sr-'^srsr- r- ---- simui - 

with air at 110°C. 
35 Example 2 

Preparation of starting material 1 : as in Example 1. 
Preparation of starting material 2: 

40 

946 .0 g of S b2 0 3 having an £ 4 °* g * ^ " 

„ an j 0 j in 4 i of water while stirring, o"- 4 y w 

p b ::t 9h : - .* —--nr 

,25oc> Thereafter, the suspension was heated to 100 C in .the 
« course'of 1 hour with further stirring and was refluxed for 5 

3 3 
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water was then added to the aqueous suspens » 

course of 30 minutes, the ^^2ll°lrT\T.l\ of a 25% by 
re decreasing to 60<>c. At thrs ^"""'"^ Thereafter, the 
weight aqueous amrconia solution were then a «• * ^ ^ 
5 aqueous suspension -"^^. f «iJ^ lly , the aqueous sus- 
then cooled to room temperature < 25 C) tempera- 
pension was spray-dried (rnlet ^f^™;^^' volume) „ it h a 
t„re :11 0oc, in . rot ^ Z;^ 1 ^ renting spray-dried 
l0 ^ ^ first to J-c - the course of J 

Lor. then to 200=0 in the course of« ^.fj^^ t em- 
i„ the course of 2 hours, obtained was heated 

perature for 1 hour, f ""^^^"was kept at this templa- 
te 400°C in the course of 1.5 hours a „ eci£ic B ET surface 
« ture for 1 hour. The powder *£j pouder x-ray 
area of 48.5 mVg and the -^""^^f^kction reflections 

rtne n m°Lrat S^T^^ « — - — 
trum 7-0303 of the JCPDS-ICDD index. 

20 

Preparation of starting material 3: 

633 .B g of ionium hepta^olybdate <^ y wLg^r 
„ of MO03). 122.25 g of — m !™ta« heptahydrlte ,89.0 % 
25 v 2 0 5 ) and 107.0 g of ammonium P« atun9 *"" 4 660 g of water 

by weight of W0 3 , were dissolved » '"f""^.^, wa Ahus based 

a t 95°C The aqueous solution (starting material 3) w 

on the following elemental stoichiometry: 

30 MO3.60VL0.W0. 41 * («Ol 2 V 3 .47Wl.37)0.30. 

Preparation of the multimetal oxide material M2 and of the coated 
catalyst SM2 : 

35 The clear, orange solution obtained f^^n^ \IU 

was -^^-^-/^^^slrVngth bt weight aqueous a^onia 
acetic acid and 119.2 g or « * starting 

solution were ^.^^^^.'UUion cooled to 25°C 
40 material 1 were stirred into the qu ^ ^ q£ 

and containing starting material 3, s (starting 
the «~^ 0 -^Tl^»rm.~ i of starting 

2) to 0.30 (starting material 3). The resuici y 
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7c\ »*- iiooc in a through-circulation oven. The 

- E : T:r " shirrs = ---=rF- 

nested length of the rotating tube. - ^ ™ ° ^ ^ in the 

™!nutes and this temperature was maintained for 1 hour. The 
Suiting llti-tal 'oxide material M2 had the foilowrng gross 
stoichiometry : 

20 

Ihe x . ra y diffraction ~~ * ^^^.^ST 
contained the superposition of HT copper mo Y er 
25 type, wolframite structure type and CuSb 2 0 6 s tructure ty p 

the calcined active material had been -"^^^^er 
nonporous steatite spheres havrng a ^ 400 g 

of rt^^^erwrhTim^neouf addition of water .coating 
30 process according to DE-A 4 442 346). The coated catalyst SM2 
obtained was then dried with air at 110°C. 

Example 3 

" Associated preparation of starting material 1 and starting mate- 
rial 2 

«6 2 a of Sb 2 0 3 (Sb content: 83.0% by weight) were suspended in 

0 gVf wa^er while stirring. 421.6 g of a 30% strength b y 
Uh't agueous H 2 0 2 solution were ***** £™~Z"Z the 
,25°C). Thereafter, the suspension was heated to 100 C rn * 
oursl of 1 hour with further stirring and was ref ^ « 
temperature fo, : , hours A so ut.on of «..3J ^ 
cours 2 ^minu^o the'agueous suspension at 100. the tern 
P erature of the total aqueous mixture decreasrng to 60 C. 
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temperature. 3,0.0 ^^^^^rr-tT^ 

a re fr 5 "c, out le t te^rature: U0 ; c, ? . ^ 
1. wise, firs, to 150=0 in * co^ » ^2 hours, and 

was then earned out t > » C - resulting powder had 

STxSSS^ ^ spec.ru, .-030, - the 

20 JCPDS-ICDD index) . 

Preparation of starting material 3: 

790 . 4 g of ionium heptamolyOdate < V^oT 

25 of M0O3), 152.3 g of a^onium 'Lptlhydr ate (89.0% by 

V 2 0 5 ) and 128.4 g of ammonium paratungstate WW* I 
weight of W0 3 ) were dissolved in success. n 800 g of ^ 

950c. The aqueous solution (starting material 3) was tn 

the following elemental stoichiometry: 

30 

MO4.49Vl.29W0.49 = (MO12V3.45W1. 32) 0. 374- 

Preparation of the multimetal oxide material M3 and of the coated 
35 catalyst SM3 : 

3, so that the moiar ratro of th " Q ^ (starting 

m aterral 3). The ^ s mixture was then spray-drred 

further hour at 25°C and tne aq uo°C>. The spray- 

45 (inle t temperature: 350-0, outiet " 70% ' ueight of 

dried powder was then kneaded wxth a mrxture of * q£ . 

water and 30* by weight of acetrc acid (0.35 kg of q 
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, LUK 2 5 fcneader from Werner s Pfleiderer, 
spray-dried powder) (LUK 2.5 *n d £or 16 hours 

Stuttgart,. The beaded materral obtax^ ^ Minuted beaded 
at U0°C in a through-circulatior drier. Th 

material was calcined in a -"^f-^ ,„ of air an d 
5 through which an air/nrtro,^ ,» mixture 5 1 ( ^ ^ ^ 
200 1 (S.T.P.)/h of nitrogen, flowed. 7 ' course of 

calcined were introduced ""^^^^rst heated to 325°C in 
the calcination, the f^-^J^.'™. maintained for 4 



stoichiometry: 



The x . ray diffraction pattern of the multimetal oxide materia^ 
obtained contained the superposition of the HT c PP struc . 

20 — ^uTSSl^SS^S ^'material had been 
ture type. After the calcine steatite spheres having a 

milled, it was used to £ 5 _ £ a rotating drum 

r ough surface and a diameter o f 4 ^ ^ ^ sphe . 

in an amount of 60 g of active p , coa ting process accor- 

ds res with simultaneous additxon of water coat ,ng ^ 

ding to DE-A 4 442 346). The coated catalyst 

then dried with air at 110°C. 

30 Example 4 

related preparation of starting material 1 and starting mate- 
rial 2 

35 The reparation of the starting material (1 ♦ 2, was carried out 
as in Example 3. 

Preparation of starting material 3: 

« 435. 6 g of a— heptamolybdate S^"^ 
of M0O3,. 83.6 g of ^°-™"" a ^:" e ' nep tahyLte ,89.0% by 
V,0 5 > and 73.1 g of ammonium paratungstate P j ^ 
weight of WO3, were dissolved in accession n 210 g ^ ^ 

« 95°C. The aqueous solution (starting material 3) 
the following elemental stoichiometry: 

a7 
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MO 2 .48V0.7lW0. 28 = (M0 12 V 3 . 43*1 . 35 ) 0 . 207 • 



Preparation of the multimetal oxide Serial M4 and of the coated 
catalyst SM4: 

was cooled to 25 C and iu a. y st irred into the 

further hour at 25°C a £ th * * temperat ure: U0°C,. The spray- 
(inlet temperature: 350°c, outlet r we iqht of 

15 Lied powder was then kneaded with a mrxture of 70* by - 9 
»«h ™* bv weiqht of acetic acid (0.35 kg or nqui y 
water and 30% by from Werner & pfleiderer, 

spray-dried powder) (LUK 2.5 toe d for 16 hours 

Stuttgart). The kneaded -aterral obtaxne aw ^ ^ 

20 - 110 ° C " Minuted and were 

rial prepared and drxed in tn volume) through which 

calcined in a rotating tube (6.3 1 -te ^ ^ ^ x 

an air/nitrogen mixture (15 1 (S.T. _) ca i c ination, 
(S .T.P.)/h of nitrogen) £ lowed In ^ e in the course of 60 

the kneaded material was first he f 5 ° £ 4 hours and wa s 
25 minutes, this temperature was then ^^.^ anQ t his tem- 
then increased to 400-C in the ^^^^ ca talytically 
perature was maintained for 1 hour. following gross stoi- 

active multimetal oxide material M4 had the tox 
chiometry: 

30 Mo 2 58 V 0 , 1 «0.3,Cu 0 . 3 „S b O 3I , I Mo 12 V3. J 3« 1 .3 5 O, 1 .,0,lCUMO 0 . 5 W0,O yl 0. 1 a 9 
[CuSb 2 O z ]o.l89« 

35 The X-ray dif faction pattern of the 

obtained contained the superposrtron of the ™ c ™ 

structure type, of copper ^^^f^ ^teriai H4 

"HT^^med it was used to coat nonporous steatite spheres 
had been milled, it was us>« 4 to 5 mm in a 

,0 havin 9 a rouch ^ace ^ «* er of f™ 4^ ^ ^ ? ^ 

rotating drum in an amount of 9 f water (C oating 

steatite spheres with s^ taneou ^»^ c . J„ t SM4 

process according to DE-A 4 4*z ' 

obtained was then dried with air at 110°C. 

45 
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Example 5 

Preparation of starting material 1: 



5 starting material 1 was prepared as in Example 1. 
Preparation of starting material 2: 

in 4000 g of water » hlle ^"^^ .« room temp erature. The 
weight aqueous H,0 2 .oluti™. were a ^ Qf 

resulting aqueous suspension was ' tempe rature 

60°C. At this temperature, 407.9 g of a suspen- 
20 aqueous —nia solution were t^ .ae,. Thereaft ^ ^ ^ 

sion was stirred or • aqueous suspension was then 

room temperature (25 C). The r * temperature: 110°C>. 

Thereafter, heating was carried out to 800 C in 
30 hours and this temperature was maint 2 9 and had 

ting powder had a specific « T sur ace ™ ^ pattern 

the composition NiSb2.i5°x l x - ' r . 

of the powder obtained exhibited essentially t£ dxffr 
reflections of NiSb 2 0 6 (reference spectrum 38-1083 ot 
35 ICDD index) . 

Preparation of starting material 3: 

by weight of W0 3 ) were ai^ ms , W iar3» was thus based 

at 95°C The aqueous solution (starting material 3) was 
on the following elemental stoichiometry : 

45 
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(MO 4f 00Vl, 15*0,456) = (M0 12 V 3 , 45*1 , 37 ) 0 , 333 - 

Preparation of the multimetal oxide material M5 and of the coated 
catalyst SM5: 

The clear, orange solution obtained above (starting material 3, 
was cooled to 25^ and 116.9 g of 100% strength acet, c add and 
132 3 g of 25% strength ammonia solutxon were added in 

Th e renting agueous suspension was stirred o ^ *^ re! 

- Kneaded with a m i*ture of 

T he Kneaded -^^^"^^^L^d materia! was 
through-ourculatxon drxer. The c through which 

25 caicined in a rotating tab. (6.3 1 -te ^ i 

^cs^sr- s - - 

the following gross stoichiometry : 

35 

HO,. I5 V l . 1 ,«...lCU..,..»i.. M .Bb....^ ' I«O 12 V 3 . 45 W 1 .3,0 lll ..333 
[ CUMOO . 5 W0 . 5°y 1 0 . 308 [NiSb2 . 15°z 1 0 .308 • 

40 Th e X-ra y diffraction pattern of the -^J" 
obtained contained the superposition of the HT copp y 

TO 
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to DE-A 4 442 346). The coated catalyst M5 ob- 
process according to DE-A 4 / 
tained was then dried with air at 110°C. 

Comparative Example 1 

pared by the following one-pot preparation method. 

of M0O3), 135.7 g of anmonium ^"^^ ( heptally Lat e ,89.0% by 
v 2 0 5 ) and 160.3 g of «-» paratungstate hep y ^ 
weight of WO3, were dissolved in "^^^ coole d to 
15 95 °c. The clear, °«nge agueous olu 10 » bt ^ ^ ^ 

25 »C, and W.5 9 of ^ " aqueous Uonia solution were added 
g of 25% strength by weight aque weight were stir- 

L.e g of Sb 2 0 3 having an Sb content of 83. 0% by g 
red into the solution obtained. A solution of 120^8 g^ 

" STS rr-'^ r^g^-strength by weight 
aqueous ammonia solution. 

r^ic 1 :;-'. sjstsssr «- — — ° ut 

as in Example 1. 

30 A coated catalyst SVM1 was then prepared f, :om the comparative 
multimetal oxide material VM1 as m Example 1. 

Comparative Example 2 
35 preparation of starting material 1: 

Th e preparation of starting material 1 was carried out as in 
Example 1. 

40 

Preparation of a starting material (2+3): 

For the combined preparation of a starting material ,2.3,, 703.6 
g of ammonium heptamolybdate ^ 3, „ ^ eight of v 2 o 5 ) 

" MoO,,. 135.7 , of e ^ te , 8 !.0% by 

-ignr^f wo" „«rd^so P lv r eTiI S ::ccessL in 5260 g of water at 

3| 
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«- aqueous solution was cooled ~ « £ ^V" 0 * 
strength by weight acetic ac d and succession, 
weight of aqueous a^onra -^ on ^ ^ ueight in 4000 g 

94 .6 g of Sb 2 0 3 having . » ^"^^ '^.Ji. A solution of 
5 of water were suspended rn the of Cu) in a 

59.6 g of copper acetate hydrate 32 0* by w J ^.^ 
fixture of 400 g of water and 40.8 g aqueous mix . 

aqueous anmonia solution was added to the resu 



ture. 



10 Preparation of the comparative multim^al ° Xlde * " 

of the comparative coated catalyst SVM2 . 

i5 a comparative multimetal oxide "1^ was 
15 starting material 1 and starting material (2 3) 

82 . 3 g of the starting material 1 prepared ^ ±Qn 
sti rred into the aqueous 25 o C and th en spray- 

20 obtained was stirred for ^^ther temperature: 110°C) . The 

dried (inlet temperature: 350 C, ° ut ^ * - c acid , 

spray-dried powder was then ^f^^l^ pro cessed to a 
dried and calcined to give VM2 ^^^T J t as in Example 
coated catalyst SVM2 , these tests being carried 

25 1- 

Comparative Example 3 

Preparation of starting material 2: 

30 

Th e preparation of starting material 2 was carried out as rn 
Example 1. 

35 preparation of a starting material (1+3): 

F or the coined preparation ^l^^^Z' ^ 
730.7 g of aiomonium heptamolybdate tetrahyar i ^ 
of «o0 3 >. 135.7 g of a-oni- -"^^. , ^* tat . 9 ( .9.o% by 
40 v 2 0 5 > and 160.4 g of aMnomum P«» t »"« sta * e g o£ „ a ter at 

wLight of W0 3 , were /^T^ and 116.9 , of 100% 

, 5 o C . The aqueous solution was coo** " 25 , fay 
strength by weight acetic add and 132 3 g successi on. A 

weight aqueous a«>ia solution were then added i ^ 

3^ 
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by weight agueous «nia solution was then added to the resul- 
ting aqueous mixture. 

Preparation of the comparative »ultimetal oxide materia! VM3 and 
5 of the comparative coated catalyst SVM3 : 

& comparative multimetal oxide material « was P-paredJrom 
starting material 2 and starting material (1+3) 

„ .,t.rial 2 prepared in Example 1 were 
129.7 g of the starting material 2 P rep suspen sion 
stirred into the aqueous mxxt ur. ^ the „ P sp ray- 
ob tainedwas -irred for a u th er hour ^ . The 

risr^^rrr^i^i- as ta .am. 

pie 1. 

20 b) Use of the coated catalysts fro, a) as catalysts for the gas- 
phase oxidation of acrolein to acrylic acid 

The coated catalysts were produced into ^^J^^ 
stainless steel, 25 nun intern ^ *^^ and a J seoxls mixture ha- 
25 th ermostatted by means of a salt bath) and ga 
ving the composition 

5% by volume of acrolein, 
7% by volume of oxygen, 
30 10% by volume of steam and 
78% by volume of nitrogen 

was fed in ^^TT^^Z 

35 use of a residence time of 2.0 sec ° was comple te, a 

was adjusted in all " Suited with a single pass, 

uniform acrolein conversion C of 99% re analyz ed by 

The product gas mixture flowing from s of the 

gas chromatography. The results or th * t . are 

40 acrylic acid formation for the use ot 
shovm in the table below. 
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Catalyst 



Salt bath temperature 
[°] 



94.6 



20 



25 



30 



35 



40 



45 



